The duration of ventricular systole has aroused the interest of a number of workers since Garrod pointed out its relation to the heart rate in 1871. The duration of systole has been measured by various vascular, intracardiac, and apical pressure records, heart sound records and combinations of these, the work of Wiggers and Katz (1) and Lombard and Cope (2) furnishing an introduction to this literature. Venous pressure, arterial pressure, posture, exertion, nervous influences and drugs have been found to modify it experimentally. Cheer and Li (3), Bartos and Burstein (4), Bazett and Sands (5) and others have investigated the relation of the duration of the electrocardiographic ventricular complex to the duration of systole and have found them to be closely related but not identical. The most accurate mechanical means for measuring the duration of systole are not applicable to clinical cases or are difficult to use. The duration of the electrocardiographic ventricular complex, on the other hand, can be determined easily on suitable records, and it seems likely that this record of cardiac activity is as closely associated with the state of the myocardium itself, though perhaps not with the general circulation, as the measurement of systole by mechanical means.
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The ventricular complex begins with the beginning of the Q-wave and ends at the end of the T-wave. Because " electrocardiographic ventricular complex duration" is an inconvenient term and because introduction of the word systole makes for ambiguity, it will be referred to in this paper as " Q-T time. " Cheer and Li (3) have published a formula for the determination of the normal Q-T time in the recumbent position based on measurements from 75 normal men and 43 normal women. Fridericia (6) published a formula for the determination of Q-T time on the basis of measurements on 50 individuals-men, women and children. White and Mudd (7) have published a scattergraph of 50 normal individuals (Q-T time against the R-R interval) without stating the accurate measurements. Their scatter agrees quite well with 190 cases which they collected from the literature. Bazett (8) has published similar figures from 2 male infants, 2 boys, 12 men, and 19 women. Several records under various conditions were taken on some of his patients. The formulas which he gives apparently include all the measures on these cases, although this is not definitely stated. Miki (9) , on the basis of a small group of normals, confirmed Fridericia's formula. Fenn (10) with measurements on 10 patients published a formula which approximated Bazett's. Lian, Golblin and Baraige (11) used a formula without giving the data upon which it was based, which gave a much wider "normal " range of Q-T time at slow normal pulse rates than at rapid normal rates.
In an attempt to use the formulas of Fridericia and Cheer and Li in the study of Q-T time, it was found that the measurements on our cases in practically all instances exceeded the prediction from these formulas. Because of this it seemed advisable to study the duration in normal individuals again. It was decided to test some characteristics of individuals other than rate, for influence on the Q-T time.
METHOD
A series of normal individuals was collected comprising 50 males and 54 females. Standard lead electrocardiograms were obtained on a Hindle string galvanometer electrocardiograph with a time marker controlled by a tuning fork. This time marker, by repeated checks against a stop watch, was found to have an error of approximately 13/4 per cent. All figures as given have been corrected for this error. Four more tracings were taken but discarded either because the base line was so irregular that accurate measurement was impossible (3 cases), or because 335 ventricular extrasystoles were found ( 1 case). The entire series was presumably normal; it consisted of medical staff, nurses, students and secretarial workers. A physical examination was performed on all cases. It may or may not be significant that they all considered themselves to be in good health, and were not " patients without cardiac disease." All tracings were taken with the subjects supine, but no effort was made to control the extent of previous activity. No effort at selection according to rate or any other characteristic was made, aside from checking for normality. The film speed was increased to about 5 cm. per second with the thought that the increased speed might facilitate accurate measurement. The impression gained was that it did not. In both Leads I and II at least 15 consecutive cardiac cycles, exclusive of the standardization, were recorded. A shorter strip of Lead III was taken. Leads I and II were measured separately. The pulse interval recorded was the average of 15 consecutive R-R intervals. Several other data were collected on each subject including height, weight, and the age at the nearest birthday. In the electrocardiogram the axis was determined, the height of the T-wave was measured, and measurements of three parts of the ventricular complex were made as follows: first, the time from the beginning of the QRS complex to the peak of the R-wave; second, the time from the peak of the R-wave to the peak of the T-wave; and third, the time from the peak to the end of the T-wave.
The data obtained were treated statistically, the male series slightly more extensively than the female series because some of the factors considered were obviously without influence on the Q-T time in the former series and were therefore not considered in the latter. The method of the statistical work will be outlined only briefly. In the male series Pearsonian linear zero order correlation coefficients were determined between all possible combinations of seven variables. The variables used were the Q-T time, the R-R interval, the electrocardiographic axis, the T-wave height, the height, the weight, and the age. Multiple correlations between Q-T time and various combinations of the other variables were computed by Horst's (12) modification of the Doolittle method. Three measures of Q-T time were used-that obtained from Lead I, that obtained from Lead II, and one obtained by selecting whichever Q-T time average measure was the longer from Lead I or II. In each case the average R-R interval and T-wave height from the corresponding lead was used.
The female series was treated the same way except that height of the T-wave and electrocardiographic axis were not included. The same procedures were carried out with the combined groups except that only Lead II and whichever lead had the longer Q-T time were used, Lead I not being considered separately.
Some calculations were made using the time from the peak of the R-wave to the peak of the T-wave rather than Q-T time. Scatter diagrams were constructed to ascertain the type of functional relationships between the characteristics. For the purposes of this study it was found that these relationships could be satisfactorily represented by straight lines, and consequently linear correlation analysis was used. Table I shows the individual measures of Q-T t R-R = R-R interval in seconds. time and R-R interval; in each case these measures are taken from Lead I or II, the lead with the longer average Q-T time being used. These are the original measurements upon which the recommended formula is based. Some of the other data considered are summarized in Table II . DISCUSSION The regression formulas obtained in the correlation analysis express the relationship between characteristics, and therefore are a device for estimating one characteristic from one or more other characteristics.
Two selections are to be made-first, the measure of Q-T time to be predicted, and second, the other individual characteristics to be used in making the prediction. As stated above three measures of Q-T time and two other measures of part t R-T,, = the time from the peak of R to the peak of T. $ Q-T, = the time from the beginning of QRS to the peak of T.
of the electrocardiographic ventricular complex were considered. The Q-T time in Lead II is longer than in Lead I in the majority of cases and its average is larger (Table II) . In some instances, however, the Q-T time is definitely longer in Lead I than in Lead II. If this divergence is marked and the rates in the two leads are approximately the same, it is found that the Lead II measure is markedly shorter than the prediction. The obvious explanation for this finding is that part of the ventricular complex is isoelectric in Lead II, either the beginning of the QRS or the end of the T. In this series most of the cases in which the duration in Lead I was longer had a Q-wave in Lead I but not in Lead II. This suggests that the first portion of the electrocardiographic ventricular complex is isoelectric in Lead II in these cases. Probably the discrepancies between the Q-T time measures are all due to isoelectric phases of the complex in one lead or the other if the rates are the same. This is a source of error that can be partially ruled out by taking the longer of the two measures, regardless of the lead in which it occurs. When the beginning of QRS is isoelectric in one lead and the end of T isoelectric in another lead the total Q-T time would not be found by selecting the longer of the two. On the basis of the theory of Einthoven's triangle (precordial leads were not taken in this series) any electric effect in the heart must be registered in two of three leads, and therefore one of the three leads would necessarily show deviations from the isoelectric line at both ends of the ventricular complex. In occasional instances this might be Lead III. The Q-T time in Lead III was measured in all cases in which the longer of the measures from the first two leads showed a significant negative deviation from prediction. In no instance was the measure found to be longer in Lead III. It is probably advisable to choose the longest Q-T in any lead, however, in measuring the Q-T time, because presumably we want to measure the total duration of ventricular electrical activity. In both the male and female series the correlation between Q-T time and pulse interval is slightly higher when the longer measure between Leads I and II is used than when either Lead I or II measures are used alone (Table II) . The mean of the Q-T measure is only slightly longer when the longer of the two Q-T measures is used (Table   II) .
As mentioned previously, the Q-T' time was divided into three parts, that is, the time from the peak of R to the peak of T and the time preceding and the time following this interval. The primary reason for this was to determine whether the measurement from the peak of R to the.peak of T could be used to greater advantage than the total Q-T time. It is easier to obtain an accurate measure because both points are relatively clean cut. If this or some other measure of the ventricular complex could be predicted with greater accuracy than Q-T time a new problem as to its usefulness would be presented. The correlation coefficients between the measurements between the peaks of the R and T-waves and the pulse interval are somewhat higher in males and lower in females than the corresponding correlation coefficients between Q-T time and pulse interval (Table II) . This indicates that no definite increase in accuracy can be obtained by using the distance between the peak of R and the peak of T instead of the Q-T time. The measurement from the beginning of QRS to the peak of T is also no better than Q-T time in its correlation with pulse interval (Table II) . Meakins (13) studied the interval from the end of the QRS to the end of T but this measure is not considered here because of the difficulty in measuring it. From these studies it seems advisable to use a prediction formula using the longest Q-T time from any lead. In this series, Lead III offered no advantage so that the longer of Leads I and II was used. Three formulas were developed using this Q-T time measure and the pulse interval. To facilitate comparison of these formulas they have been plotted (Figure 1 ). It will be noted that the predicted or average Q-T time for corresponding pulse intervals is longer in females than in males. With a pulse interval of 1.10 seconds (rate 55) the predicted Q-T time for females is .002 second longer than for males, while with a pulse interval of .60 second (rate 100) it is .016 second longer. Statistical criticism shows that the difference between the male and female formulas is great enough to indicate a high probability of true sex difference. (See below.) This concludes the consideration of the choice of the measure of Q-T time to be predicted.
The prediction of Q-T time from pulse interval alone is discussed above. Other measurements on each individual are height, weight, age, height of the T-wave, and electrical axis. In the male Table III . Some insignificant differences in the relationships are found when Lead I is used. In the author's group of males, height, weight and age increased the accuracy of prediction to some extent, but the significance of these characteristics for this purpose in the general population was in doubt. Therefore multiple correlations with these variables were computed in the female series. The evidence from this group of females indicates that height, weight and age have little if any effect on Q-T time. When a formula is computed with the sexes together, the correlations of Q-T time with age, height and weight change from positive to negative which indicates that none of them has as great an influence as sex does, even though this is slight. This entire group is not very satisfactory from the standpoint of age, the range being from 20 to 48 years, with only 8 of the 104 patients over 35 years old. The evidence from this study does not demonstrate that weight, T-wave height, and electrical axis influence Q-T time. If age and height of the individual have any influence it is slight and of little use in the estimation of Q-T time. In addition it was found that height, weight and age do not increase the accuracy of prediction of other measures of the ventricular complex mentioned above more than they do the prediction of Q-T time. In no case is the standard error of estimate of Q-T time from a formula drawn from multiple correlations more than .001 second smaller than the standard error of estimate from the corresponding formula using pulse interval alone.
The duration of the ventricular complex has never been predicted with complete accuracy from any set of variables because it does not vary in constant relation with any known combination of characteristics. Predictions will probably be subject to an error of about .01 second because of error in measurement in individual cases. The error in predicting Q-T time from the pulse interval is less than .01 second in more than half the cases. The errors in the remaining cases range up to .04 second with few errors in excess of .03 second. The usefulness of the Q-T time measure is impaired because of this wide deviation of a few cases, as White and Mudd (7) have shown. Further study is advisable to attempt to find other characteristics which will aid in the prediction of Q-T time.
This study is of interest chiefly because of the marked difference between the normal values for Q-T time as determined from this and previous series. Fridericia's (6) formula is:
in which S = Q-T time and P = pulse interval, both in units of .01 second. Cheer and Li (3), Bazett (8) and Fenn (10) used formulas of the form:
in which S = Q-T time, K = a constant, and P = the pulse interval. Cheer (3) found K to be .374 in males and .3877 in females. Bazett (8) found it to be .37 in males and .40 in females. Fenn (10) , on a mixed group, found K to be .39. These formulas are obviously curved lines when plotted. The curves, however, are slight, approximating straight lines through the normal range of pulse rates in adults. These writers have apparently used this type of curved line regression formula not because the relationship between Q-T time and pluse interval is a curved line, but because the increase of Q-T time with pulse interval is not proportional. As a number increases, its square root and cube root also increase but less rapidly. The increase of Q-T time with pulse interval bears a more nearly constant proportion to the increase of either the square root or cube root of pulse interval than to the increase of pulse interval itself. Fridericia gives mathematical justification for the use of the cube root type of formula rather than the square root type in his series of cases. Cheer and Li (3) state that the results of their studies confirm the square root type of formula without giving mathematical proof. The curved line regression formulas of Fridericia and Cheer and Li have been plotted (Figure 1 ). To make this type of formula accurate in all cases it would be necessary to use roots which are not integral numbers, which would complicate its use somewhat. The straight line type of formula as used above in the author's series (plotted in Figure 1 ) is adjustable to any data of this type.
The data used by Fridericia and by Cheer and Li in calculating their curved line formulas have been used in calculating formulas of the straight line type. These have been plotted (Figure 1 ). Fridericia did not divide his cases by sex, and it was not done in calculating straight line formulas because of the relatively small number of cases. As might be expected from his careful development the straight line formula approximates Fridericia's cube root formula, the two lines crossing twice (Figure 1 ). Between rates of 55 and 100 the greatest difference of prediction between the straight line and cube root formula is .003 second at a rate of 55. The standard errors of estimate of Q-T time of the two are practically identical. In the male series of Cheer and Li the slope of his curved line square root formula is definitely steeper than the slope of the straight line regression formula developed from the same data (Figure 1 ). The lines cross at a pulse interval of .80 (rate 75). At a pulse interval of 1.10 (rate 55) the prediction by the straight line formula is .010 second shorter than with the square root formula.
At a pulse interval of .60 (rate 100) the prediction is .013 second longer by the straight line formula than by the square root formula. In the female series of Cheer and Li, which is smaller, the correspondence between the square root formula and the straight line formula is close with the lines crossing twice and a maximum difference between the two formulas in the range of normal heart rates of .002 second at a rate of 100. It should be noted, however, in this connection that the average rate of the females is rather high and that the relatively few cases in the slower rate brackets affect the slope of the curve heavily. Perhaps this may account for the marked divergence of the straight line formulas at the slower rates, while they cross at a rate of slightly greater than 100. It will be noted that while the straight line formula of this series of females approximates the square root formula, the straight line formula of Cheer and Li's males is practically parallel with, although lower than, the straight line formula from Fridericia's cases.
The difference in prediction by the various formulas is striking. This expresses a difference between the measurements of Q-T time as compared with pulse interval in the three series of cases. There are three possible explanations for this difference: first, technical considerationspolarization in the circuit or inaccuracy in the time registration in some of the machines used; second, a difference between observers as to what constitutes the duration of the ventricular complex; and third, an actual difference between the different series of individuals. Polarization is not present in the author's records and, since it would probably tend to lengthen the Q-T time, is probably not an explanation for the fact that other measurements are shorter. In regard to the time registration nothing can be said except that the timer used in this series has been checked as stated above. The location of the end of the T-wave is sufficiently uncertain so that some individual difference in measurement might enter, but it seems almost impossible that this should be great enough to account for the discrepancy. As to the third possibility, that the difference is due to differences in the individuals used, it may be said that the chance that the differences between the three series represent errors incident to random sampling from the same population is so remote as to be discarded. The fact that each of the three series was drawn from different parts of the world from persons with different racial characteristics and modes of life may be important. No conclusions can be drawn regarding the reason for the discrepancy between the two prediction formulas on the basis of present data.
Cheer and Li found that females had longer average Q-T time measurements for corresponding heart rates than males. This was also the case in Fridericia's series, although the small series does not justify separation into sexes in calculating prediction formulas. Bazett also noted a sex difference as stated above. When the straight line formulas (Figure 1 ) of Cheer and Li are compared a different relationship is found to exist between the sexes than in the case in the author's series, although in both instances the prediction for females is longer than for males at corresponding rates. The male and female predictions approximate each other at a pulse interval of .60 second (rate 100) but are widely divergent (.027 second) at a pulse interval of 1.10 (rate 55). While the two lines of Cheer and Li converge in the range of rapid normal rates, the two lines of the author's sample converge in the slow normal rates. These findings support the conclusions made above that a true sex difference exists but no decision can be made as to whether this difference is greater for one heart rate than another. In other words, the difference between the heights of the sex lines is significant but the difference between the slopes is not (Figure 1) .
In using either the curved or straight line type of formula a prediction of Q-T time for any given rate may be made and the deviation of the measured duration in a given case from the prediction for that rate obtained. It seems that this method gives a clearer, more easily handled conception than the calculation of " K " for each case and the determination of the deviation of the individual " K " from the normal " K." This determination of " K " gives the deviation of measure from prediction a value in proportion to the size of the prediction, but the same result may be obtained by expressing the deviation of the measured duration from the predicted duration as a percentage of the prediction as was done by Berliner (14) . However, there is no evidence at the present time to show that the percentage deviation is more significant than the absolute deviation.
The use of the formulas may be simplified by constructing a table. The value for each pulse interval is determined and entered opposite the pulse interval or the corresponding pulse rate. If it is desired to express deviations from prediction as a percentage, the table may be amplified by another column showing the percentage of the prediction represented by .01 second and from this the percentage deviation of any measure from the prediction can be readily calculated. Table IV is  such a table. in which Q-T duration of electrocardiographic systole, and R-R -pulse interval. A table is provided which simplifies the use of these formulas.
2. The use of age, height, and weight of the individual, and height of the T-wave and axis of the electrocardiogram does not appreciably increase the accuracy of prediction of the duration of the electrocardiographic ventricular complex.
3. Other workers have found the duration of the electrocardiographic ventricular complex to be shorter for corresponding pulse rates. The reason for this difference is not apparent, but several possible explanations are discussed.
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